This study was conducted to examine the effect of supplementing chitin, chitosan, and cellulose in the diet on the growth of red sea bream, Japanese eel, and yellowtail. The growth rate of all fishes fed with the 10% chitin supplemented diet recorded the highest value indicating diet superiority. The feed efficiency in the red sea bream and Japanese eel which were fed with the 10 chitin supplemented diet also recorded the highest values. All fishes fed with the chitosan supplemented diet had the lowest growth rates and feed efficiencies indicating that the inclusion of 10% chitosan in the diet must have inhibited the processes involved with the digestion, absorption, and assimilation of the basal diet. The growth rates and feed efficiencies of red sea bream and yellowtail fed with the 10% cellulose supplemented diet were slightly higher than the values recorded for the control diet.
Chitosan is used in Japan mainly as a coagulant to treat the protein containing wastewater from fish cake factories. Additionally, the exoskeletons of crab and krill which are abundant in carotenoids have been added to the diet of cultured red sea bream or carp to improve the bright colours. However, the effect of diet supplementation with chitin on growth has yet to be investigated.
The presence of chitinase (EC 3.2.1.14) activity in several species of fish have been reported2-5) and in nature chitinous compounds were digested, absorbed and assimilated as an energy source. In cultured fish, there is no information on the activity of chitinase in red sea bream.
The objectives of the present study were firstly to examine the effect of diet supplemented with chitin, chitosan, and cellulose on the growth performance of red sea bream, Japanese eel, and yellowtail and secondary to determine the activities of chitinase, chitosanase (EC 3.2.1.99), and cellulase (EC 3.2.1.4) in the stomach of fishes.
Materials and Methods

Test Diet
The two rearing experiments (Experiment I and II) were conducted.
The test diets of Experiment I were prepared by adding 10% respectively of chitin, chitosan, and cellulose to the commercial eel diet (Chubu Jiryo Co., Ltd.) which served as the control (Table 1 ). The diets used in Experiment II contained 0, 5, 10, and 20% of chitin which were added to the commercial eel diet (Table 2 ). Chitin and chitosan were obtained from Kyowa Yushi Co., Ltd., and milled to the powder form whereas cellulose which was in the crystalline form was obtained from Asahikasei Industries Co., Ltd.
Rearing Management
In Experiment I, juveniles of red sea bream Pagrus major, Japanese eel Anguilla japonica, and yellowtail Seriola quinqueradiata were used as test animals.
Red sea bream used for this experiment were reared on rotifers, copepods, and a commercial eel diet for two months from hatching at this laboratory.
Fish with a mean body weight of 2.20g were randomly divided into four groups of 40 
Results and Discussion
The results of Experiment I where the diets were supplemented with chitin, chitosan, and cellulose were presented in Table 3 . The growth rates in all the three species of fish fed with the 10% chitin supplemented diet were highest indicating diet superiority.
This was especially so in the case of red sea bream where the growth rate in fish fed with the 10% chitin diet showed an increase of approximately 30% over the control diet. In a separate study it was reported that when Antarctic krill Euphausia superba meal was supplemented at the rate of 10-20%to the basal diet, this resulted in higher growth rates of red sea bream.10) When the three species of fish were fed with the 10% chitosan supplemented diet, their growth rates were severely inhibited. The growth rate of eels fed with the 10% chitosan supplemented diet was only 27% of that in fish fed the control diet. The diet supplemented with 10% of cellulose resulted in higher growth rates over controls in marine fishes but a lower growth rate was observed in eels fed the control diet. It was also generally observed that the feed efficiency was positively correlated with the growth rate.
The results of Experiment II where red sea breams were fed the diets consisting of 0, 5, 10, and 20%. chitin were presented in Table 4 . The growth rate and feed efficiency of the fish fed with the 10% chitin supplemented diet recorded the highest values both at 15 and 30 days. Fish which were fed with the 5 and 20% chitin supplemented diets had growth rates which were marginally better than fish fed with the control diet after 30 days.
Chitinase, chitosanase, and cellulase activities in the stomach of the fish fed the diets of Experiment I were assayed to see whether the supplemented polysaccharides were digested. As shown in Table 5 , only chitinase activity was demonstrated and the other two enzyme activities could not be detected in all fishes sampled. Several reports on the distribution of chitinase in fish * (Weight gain/Initial body weight)•~100.
The strength of chitinase activity in the tested fish was in proportion to the rate of growth of fish when fed the chitin supplemented diet, i.e., the chitinase activity in red sea bream was higher than that in eel and the activity in yellowtail was rather low. The data collected was unable to show that when chitin was supplemented in the diets, chitinase activity of the fish was elevated.
From the foregoing results it was recognized that the chitin supplement up to 10% during the preparation of fish feed enhanced the growth rate in red sea bream, Japanese eel, and yellowtail. The utilization of chitin in fish metabolism is suggested because of the presence of high chitinase activity in the stomachs.
Chitosan is known to have properties where it can combine strongly with metallic ions or proteins, so it was felt that when chitosan was supplemented to the diet, it combined with nutrients and as a consequence impeded the digestion or absorption in fishes which had no chitosanase activity. With regards to the supplement of cellulose in the diet, Morita et al.14) and Furuichi et al.15) reported that dietary dextrin and proteins were effectively utilized when carboxymethylcellulose was supplemented in the diet of red sea bream and as such the growth rates of the fish were improved.
In this experiment, red sea breams and yellowtails which are marine fishes exhibited better growth over control fish when 10% cellulose was added to the diet eventhough cellulase activity was not detected in stomachs.
It is claimed that some bacteria in the digestive tract of fishes participate in chitin digestion16,17) and as such experiments to identify the chitin decomposing bacteria in the stomach and intestine of red sea breams and eels are being carried out and the data will be material for future publications .
